Three novel nitrogen-containing macrolides have been synthesized by esterification. All of them have been characterized by infrared (IR), elemental analysis, mass spectra (MS), and 1 H NMR spectroscopy, and their crystal structures were determined by single-crystal X-ray diffraction. The preparation methods and the intermolecular associations based on C-H···O hydrogen bonds and π-π stacking interactions are discussed.
Introduction
Macrocyclic compouds have attracted increasing attention because of their success in medicinal as well as recognition chemistry and their widespread occurrence in nature [1 -9] .
Among the great number of macrocycles which have been described, macrolides are particularly interesting, which are of high significance in areas as diverse as drug development as well as supramolecular chemistry and application in the perfume industry. Many macrolides are found to be effective as chemotherapeutic agents in the treatment of human and animal diseases, e. g., antibiotics or anticancer agents [9 -12] . Macrolides are also expected to act as cation receptors which can be used in selective complexation, providing simple models that allow us the molecular understanding of biological processes such as the generation and propagation of the electrical impulse in the nervous system, muscular contraction and the interactions of enzymes with cations.
Macrolides have been synthesized and studied exextensively in organic chemistry [13 -20] . So far, the Scheme 1.
0932-0776 / 11 / 0900-0930 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com preparation of macrolides by relatively easy and economical routes has been described only in a few cases. In this article, some novel macrolides with different ring sizes and annelated with a benzene ring have been synthesized by esterification of acyl chlorides with diols under high-dilution conditions (Scheme 1), and single-crystal structure studies of them are presented.
Results and Discussion
The starting materials 2,2 -(phenylimino)diethanol and 2,2 -[(4-methoxyphenyl)azanediyl]diethanol were prepared according to literature procedures [21] . The most popular way of synthesis of macrocyclic compounds is always under high-dilution condition in order to prevent polymerization. Although metal ions are sometimes used as templates in cyclization, it is always a hard task to remove the ions after the reaction. Macrolides 1, 2 and 3 were synthesized by condensation reactions in dry dichloromethane under highdilution. In this way, we finally obtained colorless soluble solids of compounds 1, 2 and 3. The preparation is summarized in Scheme 1. All of the products had (17) C7 elemental analyses, IR, MS and 1 H NMR spectra which were in accordance with the proposed structures. A view of the molecules 1, 2 and 3 is shown in Fig. 1 . A summary of the crystal data and numbers pertinent to data collection and structure refinement are summarized in Table 1 .
All of the macrolides 1, 2 and 3 were crystallized from dichloromethane. Macrolide 1 crystallized in the monoclinic crystal system, space group P2 1 /c, with four molecules in the unit cell, while 2 crystallized in the orthorhombic crystal system, space group Pbca with eight molecules in the unit cell, and macrolide 3 in the orthorhombic crystal system, space group P2 1 2 1 2 1 , with four molecules in the unit cell. Selected bond lengths and angles are listed in Table 2 . Macrolide 1 displays offset face-to-face π-π stacking interactions. All three compounds show interesting hydrogen bond patterns built up by weak C-H··· O interactions. Characteristic data are listed in Table 3 .
In the solid state, macrolide 1 ( Fig. 1 ) displays one ester oxygen (O1) pointing inside the ring, and the other ester oxygen (O2) projecting outwards. Each macrolide uses the oxygen atom of the ester carbonyl (O3) as hydrogen bond acceptor, while the proton H8A acts as the donor. The lattice stabilization is thus achieved through weak C-H··· O hydrogen bonds and π-π stacking interactions. Two centrosymmetrically related benzene rings are π-stacked with a shearing in such a way that the benzene centroid-to-centroid distance is 3.855Å and the interplanar separation between stacked benzene rings in this region is 3.610Å (Fig. 2) .
In the solid-state structure of 2, each macrolide uses the oxygen of the ester carbonyl (O3) as hydrogen bond acceptor, while the hydrogen H18B acts as the donor. The two benzene rings of the molecule take an approximate perpendicular juxtaposition in which they include an angle of 57.11 • .
The major stuctural features of compound 3 are similar to that of macrolide 1. The methoxy substituent remains almost co-planar with the benzene ring to which it is attached. Each molecule uses the oxygen of the ester carbonyls (O1, O2) as hydrogen bond acceptors, whereas the hydrogen H8B and the aromatic proton H11 act as the donors. 
Experimental Section
Solvents and reagents were purified and dried by standard methods. The melting points were determined on a XT4 micro melting point apparatus and are uncorrected. IR spectra were recorded on a EQUINOX-55 spectrometer in a KBr matrix. 1 H NMR spectra were recorded on a INOVA-400 NMR spectrometer, using TMS as internal standard and CDCl 3 as solvent. Elemental analyses were performed on a Vario EL III CHNOS analyzer. Electrospray mass spectra were obtained with a GC 6890-MS 5973 spectrometer (Agilent). 200 -300 mesh silica gel was used for column chromatography.
2,2 -(Phenylimino)diethanol and 2,2 -[(4-methoxyphenyl)-azanediyl]diethanol
A mixture of 18.6 g (0.2 mol) of aniline or 24.6 g (0.2 mol) of 4-methoxyaniline, 5 mL of propionic acid and 100 mL of water was stirred vigorously, and to this mixture 25 mL of ethylene oxide was added dropwise at 0 • C in the course of 3 h. The temperature rose gradually to 10 • C, and stirring was continued for an additional 24 h. The organic layer was separated and washed with an aqueous saturated solution of sodium carbonate. All volatiles were evaporated under reduced pressure. 
Macrolides 1, 2 and 3
A mixture of 0.006 mol of 2,2 -(phenylimino)diethanol or 2,2 -[(4-methoxyphenyl)azanediyl]diethanol, 1000 mL of dry dichloromethane, and 1 mL (0.012 mol) of pyridine was stirred in the dark at r. t. To this solution 0.006 mol of succinyl chloride or 1,2-benzenedicarbonyl chloride in dichloromethane was added dropwise over 4 h. The mixture was stirred overnight at r. t. About 900 mL of the solvent was removed under atmospheric pressure, and the residual solution was washed 4 times with 50 mL of water and dried over CaCl 2 . The residue was then purified by column chromatography on silica gel, eluting with petroleum ether/ethyl acetate (2 :1 ). 
X-Ray structure determination
X-Ray diffraction data were collected on a Bruker Smart 1000 CCD diffractometer with graphitemonochromatized MoK α radiation (λ = 0.71073Å) at r. t. The structures were solved by Direct Methods and refined by full-matrix least-squares methods on F 2 with the programs SHELXS-97 [22] and SHELXL-97 [23] . All nonhydrogen atoms were refined anisotropically. All hydrogen atoms were treated using a riding model. Due to the lack of heavy atoms, refinement of Flack's x parameter [24] for 3 proved to be inconclusive.
CCDC 833941 -833943 contain the supplementary crystallograpic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
